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60/228,727, filed 8/29/2000. This earlier provisional application is hereby incorporated by 
reference. 

In spite of a number of antibiotics available against a variety of bacteria, due to 
emergence of multiple drug resistant strains, the search for newer and more effective 
antibacterial compounds has continued. 4,5-dihydroxy-2-cyclopenten-l-one (DHCP) (see Fig.l) 
is a compound having antibacterial activity against a variety of gram-positive and -negative 
bacteria, such as Escherichia coli, Bacillus, Salmonella, Staphylococcus etc. The process for 
manufacture and the properties of DHCP have been patented (Koyama et al. 9 1999). It is 
prepared by the heat-treatment of uronic acid or its derivatives, wherein uronic acid is 
galacturonic acid, glucuronic acid, mannuronic acid or iduronic acid. It is also produced from 
roasted or parched vegetables, fruits, cereals, mushrooms, sea algae, cortex or cartilage. It has 
been demonstrated that this compound induces cancer cell differentiation and apoptosis. It has 
potential application as therapeutic or preventive agent against cancer and also as an antibacterial 
agent in antiseptics, dentrifices, cosmetics and bathing agents (Koyama et aL, 1999). 

We have isolated a multicopy suppressor from an E. coli genomic library for the DHCP 
toxicity. The putative protein encoded by this gene showed high homology to known efflux 
proteins conferring resistance to a number of antibiotics including chloramphenicol, 
bicyclomycin and tetracycline. The gene was mapped at 37.5 min on the E. coli chromosome. It 
is designated as dep for DHCP efflux protein. However, the Dep protein does not confer cross- 
resistance to any of the antibiotics tested. 
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Prior Art References 

United States Patent No. 6,087,401 to Koyama, et al. Cyclopentones, process for preparing 
same, and the use thereof. 

This patent discloses a method of manufacturing 4,5-dihydroxy-2-cyclopenten-l-one 
(DHCP). It also describes the antibacterial activity of DHCP. 

In contrast, the invention disclosed in the present provisional application relates to a 
gene, dep 9 that, when present in multiple copies in bacterial cells, confers resistance to the 
antibacterial activity of DHCP, thus rendering the bacteria resistant to killing by DHCP. The 
present application also describes the protein encoded by the dep gene. 

European Patent EP 0 941 981 Al to Koyama, et al. Cyclopentones, process for preparing same, 
and the use thereof. 

This patent application relates to essentially the same subject matter as that described in 
United States Patent No. 6,087,401 to Koyama, et al. 

United States Patent No. 6,1 1 1,145 to Kobayashi et al. Cyclopentenone derivative. 

This patent relates to functionally equivalent ether derivatives of DHCP and discloses the 
biological activity of these derivatives. 

European Patent Publication EP 1 000 923 Al to Kobayashi et al. Cyclopentenone derivatives. 



This patent application relates to essentially the same subject matter as that described in 
United States Patent No. 6,1 1 1,145 to Kobayashi et al. 

United States Patent No. 6,136,854 to Koyama et al Cyclopentenone derivative. 

This patent relates to functionally equivalent ester derivatives of DHCP and discloses the 
biological activity of these derivatives. 

European Patent Publication EP 0 976 717 Al to Koyama et al. Cyclopentenone derivatives. 

This patent application relates to essentially the same subject matter as that described in 
United States Patent No. 6,136,854 to Koyama et al 

Clinical significance of P-glycoprotein expression and function for response to induction 
chemotherapy, relapse rate and overall survival in acute leukemia. C. Wuchter, et al. 
Haematologica 85(7):711-21 (2000). 

In acute leukemia, a multidrug-resistance (MDR) phenotype mediated by P-glycoprotein 
(P-gp) contributes to chemotherapy failure. This study investigated whether P-gp expression 
levels or functional P-gp activity was a better predictor of response to induction chemotherapy, 
relapse rate and overall survival in acute leukemia. The data demonstrated that the functional 
rhodamine-123- ( rhl23)-efflux assay was preferred over P-gp expression analysis by 
monoclonal antibodies in acute leukemia. 

Increased drug delivery to the brain by P-glycoprotein inhibition. A. J. Sadeque, et al. Clinical 
Pharmacology & Therapeutics 68(3);231-7 (2000). 




In vitro studies had demonstrated that the antidiarrheal drug loperamide is a substrate for 
the efflux membrane transporter P-glycoprotein. Although loperamide is a potent opiate drag, it 
does not opioid central nervous system effects, such as respiratory depression, when given to 
patients at usual doses. This study tested the hypothesis that inhibition of P-glycoprotein with 
5 quinidine would increase the entry of loperamide into the central nervous system, thus causing 
respiratory depression. The results demonstrated that although loperamide produced no 
respiratory depression when used alone, respiratory depression was seen when loperamide was 
administered with quinidine. 

lg Expression of the multidrug-resistance-associated protein in myelodysplastic syndromes. S. 

;| Poulain, et al. British Journal of Haematology 1 10(3):591-8 (2000). 

^ In myelodysplastic syndromes (MDS), P-glycoprotein (P-gp) expression is associated 

U with drug resistance, while the clinical significance of the multidrug resistance-associated protein 

Q (MRP1) is unclear. In this study of bone marrow from patients with MDS, expression of MRP1 

hi was correlated with disease stage in MDS. With respect to P-gp, discordant expression/function 

12 of MRP 1 was found in some cases, suggesting the existence of nonfunctional transport proteins 
in MDS. MRP1 expression did not appear to be a prognostic factor in MDS. 

20 Soft tissue leiomyosarcomas and malignant gastrointestinal stromal tumors: differences in 

clinical outcome and expression of multidrug resistance proteins. B. E. Plaat, et al. Journal of 
Clinical Oncology 18(18):321 1-20 (2000). 

In this study, parameters associated with multidrug resistance (MDR) were compared 
25 between soft tissue leiomyosarcomas (LMS) and malignant gastrointestinal stromal tumors 

(GIST). Immunohistochemistry was used to detect P-glycoprotein (P-gp), multidrug resistance 
protein (MRP(l)), lung resistance protein (LRP), and c-kit. The results demonstrate that LMS 



patients have better survival rates compared to GIST patients, and the pattern of metastasis 
differs between the two patient groups. The expression of the MDR proteins tested is less 
pronounced in LMS than in GIST. 

Quorum sensing in Escherichia coli, Salmonella typhirnurium, and Vibrio harveyi: A new family 
of genes responsible for autoinducer production. M.G. Surette, et al. Proc. Natl. Acad. Sci, 
96:1639-44(1999). 

In bacteria, the regulation of gene expression in response to changes in cell density, 
called quorum sensing, is dependent on hormone-like molecules known as autoinducers that are 
produced by the bacteria and accumulate in the external environment as the bacterial cell 
population increases. The marine bacterium Vibrio harveyi has been shown to have two parallel 
quorum sensing systems, each composed of a sensor-autoinducer pair. The two different 
autoinducers belonging to each system have been termed autoinducer 1 (AI-1) and autoinducer 2 
(AI-2). The identification and analysis of the genes responsible for AI-2 production in E. coli, S, 
typhimurium, and V. harveyi is reported. 

Quorum sensing in Vibrio fischeri: Probing autoinducer-LuxR interactions with autoinducer 
analogs. A. L. Schaefer, et al. Journal of Bacteriology 178:2897-2901 (1996). 

In Vibrio fischeri, luminescence genes are activated by the transcription factor LuxR in 
combination with a diffusible signal compound known as the autoinducer. This study analyzed 
the ability of a number of autoinducer analogs to interact with LuxR. 

Regulation of quorum sensing in Vibrio harveyi by LuxO and Sigma-54. B.N. Lilley and B. L. 
Bassler. Molecular Microbiology 36(4):940-954 (2000). 



The bioluminescent marine bacterium Vibrio harveyi controls light production (lux) by a 
quorum-sensing circuit. This study demonstrates that the response regulator protein LuxO 
functions as an activator protein via interaction with the alternative sigma factor, o 54 . Since 
LuxO is responsible for repression of the luciferase structural operon (/wxCDABEGH), these 
results suggest that LuxO, together with a 54 , functions to activate a negative regulator of 
luminescence. 

14. Bentley, J., Hyatt, L.S., Ainley, K., Parish, J.H., Herbert, R.B., and White, G.R. 1993. 
Cloning and sequence analysis of an Escherichia coli gene conferring bicyclomycin 
resistance. Gene 127: 117-120. 

15. Berlyn, M.K.B., Low, K.B., and Rudd. K.E. 1996. Linkage map of Escherichia coli K- 
12, Ed. 9. Pages 1715-1902. In Neidhardt, F.C., Curtiss IE, R., Ingraham, J.L., Lin, 
E.C.C., et ah (ed) Escherichia coli and Salmonella. Cellular and Molecular Biology, 
Vol. 2, 2nd Ed., ASM Press, Washington DC. 

16. Desomer, J., Vereecke, D., Crespi, M., and Van Montagu, M. 1992. The plasmid-encoded 
chloramphenicol-resistance protein of Rhodococcus fascians is homologous to the 
transmembrane tetracycline efflux proteins. Mol. Microbiol. 6: 2377-2385. 
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All references cited herein are incorporated by reference. 




BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is the chemical structure of 4,5-dihydroxy-2-cyclopenten-l-one (DHCP). 
FIG. 2A is a graphical representation of the effect of DHCP concentration on the growth 
of E, coli. 

FIG. 2B is a graphical representation of the effect of DHCP concentration on the survival 
of E. coli. 

FIG. 3 is a restriction mapping of the plasmid pSPOOl showing the DNA fragments 
conferring resistance to DHCP. 

FIG. 4 is a comparison of the amino acid sequence of the polypeptide encoded by dep 
with the proteins encoded by cmr, cmrA, cmx, cmlv, bcr, bmr3,yjcC, and let. 

FIG. 5 is a comparison of the hydropathic profiles of the putative proteins encoded by 
dep, cmr, and cml. 

FIG. 6 is a nucleotide sequence showing the DNA sequence of a region of the E. coli 
genome containing the sequence of the dep gene. 

FIG. 7 is a nucleotide sequence showing the isolated DNA sequence of the dep gene. 



BRIEF DESCRIPTION OF THE INVENTION 
The provisional application describes the cloning of a gene encoding a transmembrane 
protein from E. coli. This protein, when expressed from a multi-copy plasmid, functions to 
transport 4,5-dihydroxy-2-cyclopenten-l-one (DHCP) out of the cell. 

DHCP and functionally equivalent compounds are represented by the formulas [I] and 
[II] and include optically active compounds thereof. In Formula I, R 1 and R 2 are the same or 
different and each of them is hydrogen, a straight or branched alkyl group, a straight or branched 
alkenyl group, an aromatic group, an aromatic-aliphatic group, with the proviso that R 1 = a 
benzyl group and R 2 = H is excluded. 

See References 3 and 4. R 3 -R 6 are independently hydrogen or an alkyl group, preferably a lower 
alkyl group such as a Ci-Ce alkyl. 




Formula I Formula II 

=3 

its t 

in In Formula II, R 1 and R 2 are the same or different and each of them is hydrogen, a 

m straight or branched alkyl group, a straight or branched alkenyl group, an aromatic group, an 
^ aromatic-aliphatic group, with the proviso that the case where R 1 = R 2 = CH 3 is excluded. See 
p References 5 and 6. R 3 -R 6 are independently hydrogen or an alkyl group, preferably a lower 
jlij) alkyl group such as a C\-Ce alkyl. 

l Z DHCP is shown to possess anti-bacterial activity; it inhibits cell growth at a concentration 

O of 350|iM or higher. At lower concentrations, it causes cells to elongate and grow poorly. To 
determine ifE. coli is naturally resistant to DHCP, a library of £ coli genomic DNA fragments 
was transformed into strain JM83 and grown on agar plates containing 400|aM DHCP. Colonies 

15 that were capable of growing on this medium were isolated. DNA was isolated from these 

colonies to identify and sequence the cloned genomic fragment that specified resistance. Four 
genes were found in the fragment that conferred resistance. Inactivation of various combinations 
of these four genes led to the conclusion that ORF389 was responsible for conferring resistance. 
This was confirmed by cloning ORF389 by itself into pUC19 (a multi-copy plasmid) and 

20 transforming strain JM83. The resultant cells were resistant to DHCP. 



Comparison of the nucleotide sequence of ORF389 with the E. colt gene database 
showed that it was similar to known efflux proteins involved in conferring resistance to 
chloramphenicol and other antibiotics. Further analysis of the predicted structure of the protein 
encoded by ORF389 suggested that it was a membrane protein; it possesses multiple 
5 transmembrane domains and shares structural similarity with the aforementioned 
chloramphenicol efflux polypeptides. 

To determine if ORF389 was capable of conferring resistance to other antibiotics such as 
chloramphenicol, spectinomycin, and tetracycline, the transformed JM83 cells containing the 
pUC19/ORF389 plasmid were plated on media containing these antibiotics. The presence of 
10 ORF389 failed to confer resistance to any antibiotic other than DHCP, suggesting that the efflux 
r 0 activity of the Dep protein is specific for DHCP. 

It is important to note that ORF389 confers resistance to DHCP only when it is present in 
ifi multiple copies in the cell. The gene is naturally found in the genome of E. coli cells, but it is 
'=& present in single copy. Such cells are susceptible to the antimicrobial activity of DHCP. When 
m ORF389 is cloned into pUC19 and introduced into JM83 cells, it is present in multiple copies (up 
\1 t0 several hundred copies of the gene per cell), since pUC19 is maintained in up to several 

hundred copies per cell. Only when the gene dosage is increased, is resistance to DHCP found. 
The mechanism of resistance is simply increased efflux activity arising from the increased 
expression of the efflux protein in the transformed cells. 
20 It should be noted that due to the degeneneracy of the genetic code, the nucleotide 

sequence encoding an efflux protein that is responsible for conferring resistance to DHCP or a 
compound functionally equivalent to DHCP may vary from the nucleic acid sequence disclosed 
herein. 



ADDITIONAL DESCRIPTION OF THE INVENTION 

Mode of Action 

DHCP is a compound that exhibits antimicrobial and anti-tumor activity. It is made by 
heating various uronic acids (e.g., glucuronic acid, galacturonic acid, mannuronic acid). The 
inventors have cloned a gene from E. coli that encodes a protein which is capable of transporting 
DHCP out of the cell. This transport protein shows sequence similarity with known efflux 
proteins that function to transport antibiotics such as chloramphenicol out of the cell. It has been 
shown that organisms which overexpress the transport protein become resistant to DHCP, 
probably because they are able to efficiently transport DHCP. Overexpression of the transport 
protein arises from the presence of multiple copies of the gene, rather than increased expression 
from the endogenous gene in E. coli. In other words, all E. coli possess a single copy of the 
transport gene. However, the level of transport protein expression from a single copy of the gene 
is insufficient to confer resistance to DHCP. The inventors have cloned the gene into a high 
copy number plasmid, pUC19, which is maintained in E, coli cells at 200-500 copies per cell. 
Thus, transformed E. coli containing this plasmid construct will possess 200-500 copies of the 
transport gene, and protein expression from multiple copies is greater than from a single copy. 
These transformed cells are resistant to DHCP. 

The general mode of action of DHCP requires that it enter the target cell. Resistance to 
DHCP can occur if DHCP is transported out of the cell as fast as or faster than it enters the cell. 
Given that, the concentration of DHCP within the cell can never accumulate to a toxic dose and 
the cell is resistant to the antimicrobial effects of the compound. Apparently, the transport 
protein encoded by gene disclosed does not transport DHCP very efficiently, or the amount of 
transport protein expressed from the endogenous gene is very low. In either case, the presence of 
more transport protein (arising from many copies of the gene) will result in more efficient 
transfer of DHCP out of the cell. 




Applications 

An important application of the gene of the invention will be its use in studies to identify 
inhibitors of efflux activity. Such inhibitory compounds will function to block the transport 
activity. Thus a microbe or a tumor cell that is resistant to DHCP can be made to be more 
sensitive to the compound by preventing the resistant cell from transporting the compound back 
out. It is also conceivable that inhibitors of the transport gene of the invention may also be 
active in blocking transport of other efflux proteins such as the efflux proteins that transport 
chloramphenicol, or the P glycoprotein family of multiple drug resistant proteins. The P 
glycoproteins are expressed in many tumor cells, making these tumors resistant to chemotherapy 
agents. Abstracts regarding studies of P glycoproteins are referenced above. 



DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the chemical structure of 4,5-dihydroxy-2-cyclopenten-l-one (DHCP). 
FIG. 2 Effect of DHCP concentrations on the growth of E. coll 

A. The JM83 cells were grown in LB medium up to Klett unit of 50 and DHCP 
was added at various concentrations (0-400 fM). After the growth reached to Klett unit of 90- 
100, cells were diluted with medium containing respective concentrations of DHCP and growth 
was further monitored. DHCP concentration: 0 yM, open squares; 50 jjM 9 closed diamonds; 100 
,uM, open circles; 250 juM, open diamonds; 400 pM closed squares. 

B. Overnight grown cells of £ coli JM83 were diluted appropriately and plated 
on LB plates containing different concentrations of DHCP (0-350 /uM). The number of colonies 
on the plate without DHCP was taken as 100% and the other numbers were expressed as relative 
percentages. 

FIG. 3 Restriction mapping of the plasmid pSPOOl conferring resistance to DHCP. 
Four ORFs comprising the DNA fragment (5.2 kb) conferring resistance to DHCP and the 
flanking ORFs are shown. The orientation of each ORF is marked with an arrow. The 
restriction enzyme sites are also shown. The ORFs are not drawn to scale. The plasmid pSPOOl 
containing the DNA fragment conferring resistance to DHCP was digested with restriction 
enzymes to disrupt each of four ORFs, religated and transformed into JM83 cells. The 
transformants were then examined for their sensitivity to DHCP (400 /uM). The enzymes used 
for digestion were: for purR: MM for ydhB; NruI-Eco47Ul f for ORF389, purR , mdydhB: Nrul 
and Sma\ for ORF389: Aval and for purR and ydhB: MM and Nrul. For construction of 
plasmid with ORF389 (dep), the plasmid pSPOOl was digested with Smal and Mscl, the fragment 
was purified and cloned into pUC19 to yield plasmid pSP007. 

FIG. 4 The sequence homology between Dep, Cmr, CmrA, Cmx, CmlV, BcR, Bmr3, 
YjcC and Tet. Identical and similar sequences are marked with black and gray boxes, 
respectively. The consensus sequences for transmembrane proteins are marked with dotted lines 
and are represented as I, II, and m stretches. 



FIG. 5 Hydropathic profiles of Dep (A), Cmr from Rhodococcus faciens (B) (6) and Cml 
from Streptomyces lividans (C) (8). Horizontal bars indicate predicted transmembrane regions. 

FIG. 6 is a nucleotide sequence showing the DNA sequence of a region of the E. coli 
genome containing the sequence of the dep gene. This region of the E. coli genome is available 
at Accession No. AE000261 U00096. The sequence shown is that of nucleotides 4381-8280. 
The dep gene is encoded by nucleotides 4627-5838. The dep sequence is shown in brackets. 

FIG. 7 is a nucleotide sequence showing the isolated DNA sequence of the dep gene. 
The plasmid pSP007 was confirmed to contain the dep gene by obtaining DNA sequence data 
from one end of the 1.7 kb insert. Sequence data obtained in this manner matched the first. 

Detailed Description of Experimental Work 

Effect of DHCP on the growth of E. coli 

The E. coli wild-type strain JM83 [FaraA (lac-proAB) r^I( i yfr r )](Yanisch-Perron et al 9 
1985) was grown in Luria broth (LB). Media were supplemented with ampicillin (final 
concentration of 50 (ig/ml) whenever required. To check the effect of DHCP on the growth of E. 
coli, cells grown overnight in LB medium were diluted into fresh LB medium. After the growth 
reached to the Klett unit of 50, DHCP was added at various concentrations (0-400 \xM) and 
growth was further monitored. After it reached to the Klett unit of 90-100, it was diluted 10-fold 
into media containing respective concentrations of DHCP. Fig. 2 A shows the effect of different 
concentrations of DHCP on E. coli. The growth was slowed after 3 h of incubation in the 
presence of 50 \M DHCP, but it reached the maximum density after 8 h, similar to that without 
DHCP. The cells grew more slowly after 3 h incubation with 100 jaM of DHCP and the 
maximum cell density was lower than that without DHCP. In the presence of 250 jaM DHCP, 
growth was severely impaired after 3 h of incubation and cells stopped growing after 5 h. In the 
presence of 400 \xM DHCP, cell growth stopped after 4 h of incubation. Microscopic 
examination of the cells grown with 250 jjM DHCP for 8 h showed that the cells were elongated 



forming filaments, which are approximately 15-fold longer than the control cells. DAPI 
(diamidino phenylindole)(Hiraga et al. 9 1989) staining of these cells showed that the 
chromosomal condensation of the cells might be impaired by DHCP (data not shown). 

To check the colony formation ability of E. coli at various concentrations of DHCP, cells 
grown overnight in LB medium were diluted appropriately and plated on LB plates containing 
DHCP (0-350 jiM). After incubation at 37 °C, the number of colonies on each plate were 
counted. The number of colonies on the control plate without DHCP was taken as 100% and the 
other numbers were expressed as relative percentages (Fig. 2B). In the presence of 300 pM 
DHCP, 100-fold decrease in the colony numbers was observed. When lxlO 4 cells were plated on 
LB medium containing 350 yM DHCP, no colonies were obtained. 
Screening of an E. coli genomic library for genes conferring resistance to DHCP 

In order to examine if E. coli contains a gene(s) that confers resistance to DHCP, the E. 
coli genomic library was screened. The construction of E. coli genomic library was described 
previously (Lu and Inouye, 1998). The partially digested Sau3Al chromosomal DNA fragments 
from E. coli JM83 were cloned into the BcwiHI site of pUC19. The JM83 cells were transformed 
with the genomic library. Transformants were isolated for their ability to grow on DHCP (400 
jxM) containing LB plates at 37 °C. Plasmid DNA was isolated from the resistant colonies, 
purified and retransformed into JM83 cells to confirm its ability to confer resistance to DHCP. 
The plasmid was designated as pSPOOl and was found to contain a 5.2-kb DNA fragment. This 
fragment was sequenced from both ends using Sequenase and BLAST search was carried out for 
the analysis of homology of this fragment with the entire E. coli genome. It was found that this 
DNA fragment is located at 37.5 min on the E. coli chromosome and contains four ORFs (Fig. 
3): ORF389, purR encoding purine synthesis repressor, ydhB encoding a homologue of the cyn 
operon transcriptional activator and ydhC encoding a homologue of bicyclomycin resistance 
protein (Berlyn et ah, 1996). 

To determine which gene is responsible for conferring resistance to DHCP, several 
deletion constructs were prepared as shown in Fig. 3. Disruption of purR, ydhB and both purR 



wdydhB had no effect on the resistance to DHCP (constructs pSP002, pSP003 and pSP006, 
respectively). However, disruption of ORF389 with purR mdydhB (pSP004) as well as 
disruption of ORF389 alone (pSPOOS) resulted in loss of DHCP resistance. We thus cloned 
ORF389 separately in pUC19 (pSP007), transformed the resultant plasmid in JM83 and checked 
5 sensitivity to DHCP. This plasmid conferred resistance to DHCP. These results clearly 

demonstrate that ORF389 is responsible for resistance to DHCP when cloned in a multicopy 
plasmid and further work was carried out using the plasmid pSP007. The ORF389 was named as 
dep - DHCP efflux protein (see below). 

Homology analysis of ORF389 with other genes conferring drug resistance 

,10 Using BLAST-homology search computer program, we carried out a homology search 

^ for the putative protein encoded by dep. Fig. 4 shows nine proteins showing significantly high 
I J homology with Dep. Half of these proteins confer resistance to chloramphenicol. The proteins 
ill showing the highest degree of homology include: Cmr from Rhodococcus fasciens (Desomer et 
I- al. 9 1992), CmrA from R. erythropolis (Nagy et al, 1997), Cml from Streptomyces lividans 
m 1326 (Dittrich et al, 1991), Cmx from Corynebacterium striatum (Accession no. U72639), and 
f* CmlV from S. venezuelae ISP5230 (Mosher et ah, 1995). As seen from Fig. 4, Dep has the 
1 3 highest degree of homology with Cmr, product of chloramphenicol resistant gene {cmr) as 
compared to other proteins. Cmr protein was shown to contain three consensus sequences 
defined by Rouch et al (1990) for transmembrane proteins. These sequences are at similar 
20 positions with respect to the predicted transmembrane domains. These are marked in Fig. 6 with 
dotted lines and are designated as I, II, EL In case of Dep, the first stretch (I) comprising of LP is 
completely homologous with the stretch defined by these authors. The second stretch (II) shows 
50% similarity with that of Cmr protein and the third stretch (HI) is homologous between these 
two proteins except for one residue. According to the model proposed by Rouch et al (1990), the 
25 stretches I and m are located on the outside of the cytoplasmic membrane and the stretch II is 
located on the inside of the membrane. The positions of the membrane loops for the putative 



protein encoded by qacA were ascertained by inspecting the antigenic index profile and turn 

prediction. Such regions have a high antigenic index and turn probability (Rouch et al. 9 1990). 
In addition to homology in the primary sequences, the hydropathic profile of Dep (Fig. 

5 A) is significantly similar to those of Cmr of R.faciens (Desomer et aL, 1992) (Fig. 5B) and 
5 Cml of S. lividans (Dittrich et ah, 1991) (Fig. 5C). Dep is predominantly hydrophobic and 

probably contains 12 predicted transmembrane a-helices (Fig. 5A). 

The other proteins homologous to Dep include BcR (bicyclomycin- resistance protein) 

from E. coli (Bentley et al, 1993), Bmr3 from B. subtilis involved in the multiple drug efflux 

pump conferring resistance to puromycin, tosufloxacin, norfloxacin (Ohki and Murata, 1997), 
,ljp Tet from Staphylococcus hyicus conferring tetracycline resistance (Schwarz et ah, 1992) and 

YjcC conferring tetracenomycin-resistance (Accession no. D90826) (Fig. 4). All of these are 
^ efflux proteins, which is one of the most common mechanisms for drug resistance. We speculate 
{Fj that dep encodes a putative efflux protein that forms a cytoplasmic channel specific for DHCP. 
H The homologies are more prominent towards the N-terminal end of the proteins, which also is a 
ffS common feature for efflux proteins (Desomer et al. 9 1992). 

U Measurement of minimum inhibitory concentrations for cells harboring pUC19 and 
JJ pSP007 

Since Dep shows homology to efflux proteins for multiple drug resistance, we checked if 
it confers resistance to other antibiotics as well The E. coli wild-type cells harboring pUC19 or 

20 pSP007 plasmid were grown overnight in LB medium containing ampicillin. The cells were 
diluted 10- and 1000- times, and 5 |ul of each dilution (corresponding to 3.5xl0 5 cells and 
3.5x10 cells, respectively) was spotted on LB plates containing serial dilutions of kanamycin, 
chloramphenicol, spectinomycin, tetracycline and DHCP. Plates were incubated at 37 °C for 20 
h. As seen from Tablel, pSP007 did not confer significant cross-resistance to any of the 

25 antibiotics tested. The MIC values for cells harboring pUC19 and pSP007 were same for 
spectinomycin, chloramphenicol and tetracycline. The MIC value was two times higher for 
kanamycin for the cells harboring pSP007 than the cells with pUC19. The MIC value for DHCP 




on the other hand was 8 times higher for the cells harboring pSP007 than that for the cells with 
pUC19. It is interesting that Dep did not confer resistance to chloramphenicol, in spite of the 
high homology to cmr. 

Table 1. Minimum inhibitory concentrations (MICs) of various antibiotics for E. coli JM83 
cells harboring pUC19 and pSP007. 



cells with 
pUC19 

cells with 

pSP007 



MICs (|ig/ml) 

kanamycin spectinomycin chloramphenicol tetracycline 
25 12.5 6.25 3.125 



DHCP 
25 



50 



12.5 



6.25 



3.125 



200 



MICs for both dilutions of the cells (3.5x10 s and 3.5xl0 3 cells) were the same. 



